Atracurium is a new non-depolarising
globin was 8.9 g.d1-1 and the test for sickle cell haemoglobin was negative.
This was his first general anaesthetic and there was no family history of anaesthetic problems.
Preoperative serum urea, sodium, potassium and chloride were within normal limits but total bilirubin was 73.5 txmol'L -I (normal 1.71-18.81 l.Lmol.L -~) total protein 85g.L -t (normal 60-80 g.L -1) and albumin 27 g'L -1 (normal 35-48 g.L-I). The preoperative chest x-ray and ECG were normal.
He was started on a course of metronidazole 250 mg, gentamycin 80 mg and Vitamin K 10mg intravenously. No prernedication was given.
The patient arrived in the operating room with a solution of Ringer's Lactate in five per cent dextrose running via a peripheral vein. A baseline blood pressure was measured and subsequently, every five minutes by an electronic oscillotonometer (Dinamap). The ECG was monitored continuously by a Medishield M1 monitor.
The thumb of a restrained arm was attached to a force-displacement transducer to record the response of the adductor pollicis to peripheral nerve stimulation of the ulnar nerve at the elbow via surface electrodes using a myotest nerve stimulator (Biometer) and a continuous pen and paper recorder (Myograph, Biometer). Train of four (TOF) stimulation of 0.2msee duration and 2 hertz frequency every 12 sec was used. Temperature was measured by means of a nasopharyngeal thermistor probe.
After pre-oxygenation for three minutes, anaesthesia was induced with thiopentone 300 mg, succinylcholine 80 mg and the trachea was intubated with a cuffed oral tube after complete suppression of twitch response. Anaesthesia was maintained with nitrous oxide 70 per cent in oxygen and phenoperidine 3 mg intravenously. Ventilation was controlled to maintain an end-tidal carbon dioxide tension of 4.0 KPa (30 mmHg) as measured by a Datex Normocap infra-red carbon dioxide analyser. An initial bolus of atracurium 0.5 mg.kg -j was given followed by increments of 0.1 mg.kg -j as required (see text). *The last dose of atraeurium was given 4.08 min before reversal with neostigmine and atropine.
There was no response to peripheral nerve stimulation for 19 minutes following succinylcholine injection and after 21 minutes twitch response had recovered to only 20 per cent of control twitch height. There was no fade to TOF stimulation. Neuromuscular blockade was subsequently maintained with atracurium 0.5mg.kg -I body weight and incremental doses of 0.1 mg.kg-i whenever the first twitch of TOF stimulation exceeded ten per cent of control twitch height on at least three successive stimulations.
Thirty seconds after the initial dose of atracurium, there was complete suppression of the twitch response. Recovery of the first twitch of TOP stimulation to ten per cent of control twitch height took 13.65 minutes. Subsequently, six incremental doses of atracurium were given (Table) and the mean duration of effect of each dose was 4.8 minutes. At no time following the first incremental dose did complete twitch inhibition recur.
During surgery, a large liver abscess was drained, later found to be an infected echinococcus cyst. Two units of blood were transfused in addition to two litres of Ringer's Lactate solution. Blood pressure, pulse and CVP readings were unchanged throughout surgery. Arterial blood gases were: pH 7.39, PaCOz 3.85K Pa, PaO2 12.1kPa, oxygen saturation 97 per cent, bicarbonate 16 mmol'l-i and base excess -6.6 mmol'l-i.
Anaesthesia lasted for 70 minutes and residual neuromuscular block was reversed by neostigmine 3 mg and atropine 1.5 mg. At the time of reversal, only the first response to TOF stimulation was present and this was 20 per cent of control twitch height. The response to neostigmine was rapid and the TOF ratio, the ratio of the fourth response to the first of TOF stimulation, had recovered to 0.75, six minutes after reversal. The patient regained consciousness ten minutes after completion of surgery. He was extubated and sent to the recovery room where his progress was uneventful.
Samples of venous blood were taken for plasma cholinesterase estimation during surgery and on the third and fifth postoperative days. The enzyme activity was measured with the plasma cholinesterase pack (PChE pack, Dupont) and the Dupont Automatic Clinical Analyser.* Plasma cholinesterase activities were 4.4, 4.6 and 4.2 units.L -1 respectively (normal values 7-19 units.L-J). No qualitative studies of plasma eholinesterase were done because the necessary reagents were not available.
The subsequent postoperative course was uneventful and the patient was discharged 14 days postoperatively.
Discussion
Foldes et al. found that the duration of action of 0.5 mg'kg -t atracurium in normal patients was 43.6 minutes and for 0.1 mg'kg -I increments, 20.9 minutes. 4 This is in agreement with our own observations with atracurium in patients with normal liver function. In contrast, the duration of action of atracurium in this patient was considerably shorter: 13.65 minutes for the initial dose and 4.8 minutes for each incremental dose.
There are no previous reports of the use of atracurium in patients with severe hepatic disease but the use of other non-depolarising muscle relaxants in such patients is well documented, s-~l *Plasma cholinesterase activity is measured by the change in absorbance at 600 nm following the reduction of butyrylthiocholine to thioeholine.
Dundee and Gray reported resistance to d-tubocurarine in the presence of liver disease s and this has been attributed to increased binding to globulins . 6, 7 There is increased sensitivity to alcuronium in patients with hypoalbuminaemia. 8 In clinical studies with pancuronium, Stovner found no relationship between this relaxant and serum protein fractions. 9 In obstructive liver disease, total body clearance of pancuronium is decreased,~~ resulting in a slower rate of recovery from the drug. In patients with cirrhotic liver disease, there is an increased distribution volume for pancuronium, resulting in a slow onset of paralysis, an increased dose to maintain the same degree of paralysis and a delayed rate of recovery because of the prolonged elimination half life. 1 i Foldes and Deery found that 82 per cent of atracurium was bound to plasma proteins, compared to 77 per cent of d-tubocurarine.~2
In chronic liver disease, hypoalbuminaemia is accompanied by hyperglobulinaemia. 13 Increased binding of atracurium to globulin could therefore explain the resistance to atracurium observed in this patient. Hyperbilirubinaemia, hypoalbuminaemia and low plasma cholinesterase activity, all of which were present in this patient, collectively indicate severe hepatic dysfunction. Increased globulin will mean that more binding sites for atracurium will be available and it is when these sites are saturated that excess drug will be available for action at other sites, including the neuromuscular junction.
An increased distribution volume cannot explain the decreased response to atracurium since unlike the effect with pancuronium, both onset and recovery were normal.
Prior administration of succinylcholine increases the intensity but not the duration of atracurium blockade. 1,, However, in our patient, the intensity of atracurium blockade was not affected by the prior administration of succinylcholine and the duration was shorter.
Electrolytes and pH were normal and would therefore not alter the metabolism of atracurium in this patient.
The slow recovery following the administration of succinylcholine in our patient may be due to plasma cholinesterase deficiency from chronic liver disease. The enzyme is synthesised in the liver and the enzyme levels tend to fall in chronic liver disease.15 Furthermore, plasma cholinesterase levels tend to parallel serum albumin levels in chronic liver disease. 16 The nephrotic syndrome is the only condition in which hypoalbuminaemia and a high plasma cholinesterase activity regularly co-exist. 17 Other causes of plasma cholinesterase deficiency have been described, and these may be physiological, inherited, acquired or iatrogenic. For a full review of these causes, the reader is referred to an excellent article by Whittaker. is This case shows that atracurium can be safely used in patients with severe hepatic disease. Dose requirements may be greater than in normal patients and monitoring of neuromuscular function is recommended in order to determine each patient's requirements for atracurium. It also confirms the observation that in patients with plasma cholinesterase deficiency, the metabolism of atracurium is not prolonged. 1.3
